
Contents
List of Tables ...................................................................................................................................................... viii

Preface .................................................................................................................................................................. xi

1 Introduction ........................................................................................................... I-I

1.1 Problems Associated with Ion Chambers
for In-phantom Dosimetry ............................................................................................... 1-2

1.2 Other Measurement Methods for Multidimensional
In-phantom Dosimetry ...................................................................................................... 1-2

1.3 Radiographic Film for In-phantom Dosimetry ............................................................. 1-4

2 Basic Understanding of Radiographic Film Dosimetry ................................... 2-1

2.1 Radiographic Film Image Formation ............................................................................... 2-1

2.2 Quantitative Radiographic Film Response to Radiation ............................................ 2-2

2.3 Energy Dependence of Radiographic Film Response to Radiation ......................... 2-4

2.4 Impact of Film Overresponse to Low-Energy Photons 
on IMRT Measurement ....................................................................................................... 2-5

2.5 Improving Film Dosimetry for the Measurement of Open Beams ......................... 2-6

2.6 Importance of Film Overresponse in IMRT .................................................................. 2-6

3 Film Calibration ................................................................................................... 3-1

3.1 Overview and Underlying Principles .............................................................................. 3-1

3.2 Procedure .............................................................................................................................. 3-4

v



3.2.1 Measurement ......................................................................................................... 3-4

3.2.2 Film Response Reproducibility ........................................................................... 3-5

3.2.3 Film and Data Processing .................................................................................... 3-6

4 Measurement and Analysis ................................................................................. 4-1

4.1 Overview and Underlying Principles .............................................................................. 4-1

4.1.1 Introductory Remarks ......................................................................................... 4-1

4.1.2 Superposition of Dose Distributions ............................................................... 4-1
Isodose Contours ................................................................................... 4-1
Dose Profiles ............................................................................................ 4-2

4.1.3 Dose Difference Analysis ..................................................................................... 4-2
Dose Difference Image .......................................................................... 4-2
Dose Difference Distribution/Histogram ......................................... 4-2
Dose Difference and Distance to Agreement (DTA) Analysis ..... 4-4
Gamma Analysis ....................................................................................... 4-5

4.2 Procedure .............................................................................................................................. 4-8

4.2.1 RTP Calculation ..................................................................................................... 4-8

4.2.2 Film Measurement with a Perpendicular Setup ............................................. 4-9

4.2.3 Film Measurement with a Parallel Setup ....................................................... 4-10

4.2.4 Film and Data Processing .................................................................................. 4-11

Appendix: Film Dosimetry Order Form ..................................................................... 4-13
Film Dosimetry Report Form .................................................................... 4-14

5 Accepting Film Dosimetry .................................................................................. 5-1

5.1 Overview and Underlying Principles .............................................................................. 5-1

5.2 Procedure .............................................................................................................................. 5-4

5.2.1 Film Measurement ................................................................................................ 5-4
Beamlet Profile Measurement with a Perpendicular Setup .......... 5-4
Composite Profile Measurement with a Perpendicular Setup ..... 5-6
Beamlet Profile Measurement with a Parallel Setup ....................... 5-6
Composite Profile Measurement with a Parallel Setup ................. 5-8
Calibration Measurement ..................................................................... 5-8

vi



Film and Data Processing ...................................................................... 5-8
Absolute Profile acquisition .................................................................. 5-8

5.2.2 Ion Chamber Measurement ............................................................................... 5-9
Scanning ..................................................................................................... 5-9
Point Absolute Dose Measurement ................................................. 5-10
Absolute Output Factor Calculation ............................................... 5-11
Absolute Beamlet Profile Acquisition .............................................. 5-15
Absolute Composite Profile Acquisition ......................................... 5-15

5.2.3 RTP Calculation ................................................................................................... 5-16
Beamlet Profile Calculation ................................................................ 5-16
Composite Profile Calculation .......................................................... 5-17
Absolute Beamlet Profile Acquisition .............................................. 5-17
Absolute Composite Profile Acquisition ......................................... 5-17

5.2.4 Comparison and Quantitative Evaluation ..................................................... 5-18

6 XV Versus EDR2 Film .......................................................................................... 6-1

7 Filtration Method for Reducing Film Overresponse ........................................ 7-1

7.1 Overview and Underlying Principles .............................................................................. 7-1

7.2 Procedure .............................................................................................................................. 7-7

7.2.1 Film Calibration ..................................................................................................... 7-7

7.2.2 Film Response Reproducibility ........................................................................... 7-7

7.2.3 Film and Data Processing .................................................................................... 7-7

7.2.4 Procedure for Acceptance Testing and Measurement ................................ 7-10

References ........................................................................................................................ 8-1

Index .................................................................................................................................. xiii

About the Authors .......................................................................................................... xvii

vii



Tables
Chapter 3. Film Calibration

3.1 Irradiation Conditions for Calibration ......................................................................................... 3-5
3.2 Characteristic Curve ........................................................................................................................ 3-7

Chapter 4. Measurement and Analysis

4.1 IMRT Beam Parameters ................................................................................................................... 4-8
4.2 Deviation of the RTP Dose Distribution from the Film Dose Distribution ..................... 4-12

Chapter 5. Accepting Film Dosimetry

5.1 Beamlets Forming IMRT Fields ...................................................................................................... 5-2
5.2 Perpendicular Irradiation Conditions for the Pyramid Field .................................................. 5-5
5.3 Perpendicular Irradiation Conditions for the Inverse-Pyramid Field ................................... 5-6
5.4 Parallel Irradiation Conditions for the Pyramid Field .............................................................. 5-7
5.5 Parallel Irradiation Conditions for the Inverse-Pyramid Field ................................................ 5-7
5.6 Irradiation Conditions for the Pyramid Field ............................................................................. 5-9
5.7 Irradiation Conditions for the Inverse-Pyramid Field ............................................................ 5-10
5.8 Measured Charges for the Beamlets of the Pyramid Field ................................................... 5-10
5.9 Measured Charges for the Beamlets of the Inverse-Pyramid Field .................................... 5-11
5.10 Procedure to Find cGy/MU Factor (CMF) ............................................................................... 5-12
5.11 Procedure to Convert the Charges into the Absolute Dose (cGy) .................................. 5-12
5.12 Measured Doses for the Beamlets of the Pyramid Field ...................................................... 5-13
5.13 Measured Doses for the Beamlets of the Inverse-Pyramid Field ........................................ 5-13
5.14 Measured Doses for the Beamlets and the Composite Field of the Pyramid Beam ..... 5-14
5.15 Measured Doses for the Beamlets and the Composite Field 

of the Inverse-Pyramid Beam ....................................................................................................... 5-14
5.16 Irradiation Conditions for the Pyramid Field ........................................................................... 5-16
5.17 Irradiation Conditions for the Inverse-Pyramid Field ............................................................ 5-16
5.18 Percent Errors in the Beamlet Profiles of the Pyramid Field:

Perpendicular Setup ....................................................................................................................... 5-18
5.19 Percent Errors in the Beamlet Profiles of the Inverse-Pyramid Field:

Perpendicular Setup ....................................................................................................................... 5-19
5.20 Percent Errors in the Beamlet Profiles of the Pyramid field: Parallel Setup ..................... 5-20

viii



5.21 Percent Errors in the Beamlet Profiles of the Inverse-Pyramid Field:
Parallel Setup .................................................................................................................................... 5-21

5.22 Percent Errors in the Composite IMRT Profiles: Perpendicular Setup .............................. 5-22
5.23 Percent Errors in the Composite IMRT Profiles: Parallel Setup .......................................... 5-23

Chapter 7. Filtration Method for Reducing Film Overresponse

7.1 Characteristic Curve Calculation .................................................................................................. 7-9

ix


